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Α New Approach of the Music Intervals’ Definition 
 
 
Dimitrios S. Delviniotis 
 
 
Abstract: In the last few years various musicological studies on the Byzantine Chant 
(BC) have been made via computer analysis. Due to the BC vocal nature and the 
pitch variability of the BC notes during the performance, the value of a music 
interval between two such notes in a certain BC mode - “echos”, is ambiguous. 
Because of that pitch variability a new method of BC intervals measurement is 
proposed, based on statistical processing of the pitch track that can be done after a 
proper pitch analysis of the BC recordings. The music scale of a particular BC echos 
is computed from the histogram of the pitch values by applying an algorithm that 
calculates a Gaussian Mixture Model approximating the music scale of that BC echos. 
This new method is applied, as an example, to ten BC recordings - performances of 
the Cherubic Hymn composed in the fourth echos ("aghia") by Petros Lampadarios. 
The recordings come from the DAMASKINOS Corpus of University of Athens and 
the analysis results are in agreement with both the theoretical values of the 
Patriarchal Committee 1881 (approximation of up to 1 moria) and the findings in 
other similar studies. This method of analysis can be a base for both musicological 
analysis and music signal processing. 
 





Modern Greek Orthodox Ecclesiastical Music (MGOEM) or Byzantine Chant (BC) as 
it is called otherwise, is performed, as a pure vocal music, without accompanying 
musical instruments, for theological reasons. It is known that the vocal apparatus 
produces the vocal sound - voice by performing a periodic glottal vibration but the 
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fundamental frequency - pitch1 of this voice can vary within certain limits. There are 
very rapid changes in the pitch which couldn’t be studied in detail and accuracy 
through the traditional methods of musicological analysis. Hence, there is a need of 
computational methods through which the wealth of the music information in the 
voice signal can be both extracted and stored. 
Since the melodic characteristics in BC are directly related to the pitch track, the pitch 
and its variations are used in the BC analysis. In other words, the pitch track of a 
melody’s phrase in singing is commonly considered as an important part of music 
performance.2 It is known that generally speaking, there exist important deviations of 
the f0 from the equally tempered music scale during the performance. These 
deviations have to do with either momentary ones from the mean f0 during a tone3 
or mean f0 deviations for each note comparing to the equally tempered scale of the 
accompaniment.4 It has been argued that these differences are due to reasons of 
expressiveness or changes in the voice quality when performing.5 One such case is 
the long duration notes, which tend to begin with zero deviation from the theoretical 
scale and may then be increased gradually up to a half semitone.6 Also, the average 
pitch of a note may deviate by up to ± 40 cents from the tempered scale.7  
The study of musical and acoustical characteristics through the computational 
methods has been implemented by applying them to many vocal music styles and 
vocal folk music.8 Pitch analysis being conducted for studying the tonal system of a 
 
1 The terms pitch and fundamental frequency are not identical, because the first one means the tone 
perception while the second one is the tone itself. In spite of this, the term pitch is often used in the 
voice signal processing instead of fundamental frequency. 
2 C. Watts, K. Barnes-Burroughs, M. Andrianopoulos, and M. Carr, “Potential factors related to 
untrained singing talent: a survey of singing pedagogues,” Journal of Voice 17 (2003), 298-307. 
3 J. Sundberg, “Some observations on operatic singers’ intonation,” Interdisciplinary Studies in 
Musicology 10 (2011), 47-60. 
4 E. Prame, “Vibrato extent and intonation in professional Western lyric singing,” Journal of the 
Acoustical Society of America 102 (1997), 616-621. 
5 A. Vurma, M. Raju, A. Kuuda, “Does timbre affect pitch? Estimations by musicians and non-
musicians,” Psychology of Music 39 (2010), 291-306; J. Sundberg, F.M.B. La, and E. Himonides, 
“Intonation and Expressivity: A single Case Study of Classical Western Singing,” Journal of Voice 27, no 
3 (2013), 391.e1-391.e8; A. Friberg, A Quantitative Rule System for Musical Expression, Music Acoustics 
(Stockholm: KTH Royal Institute of Technology, 1995). 
6 Sundberg, “Some observations,” 47-60. 
7 Prame, “Vibrato extent,” 616-621. 
8  G. Tzanetakis, A. Kapur, W.A. Schloss, and M. Wright, “Computational ethnomusicology,” Journal of 
Interdisciplinary Music Studies, 1, no2 (2007), 1-24. 
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song or chant was recently based on the histogram of the f0 contour,9 in which via 
statistical processing, the music intervals have been measured. Also, the tuning 
system of BC is based on the musical dividing of the octave into 72 equal 
subdivisions, as suggested by the Patriarchal Music Committee (PMC, 1881-83) and it 
has been applied on the BC music studies until today. This system was proposed 
after continuous psychoacoustic experiments conducted by the PMC on a stringed 
musical instrument with movable frets, where they played various BC melodies. For 
a specific melody, those fret positions, for which the melody being heard by the PMC 
was perceived as being the same with the usual melody, were defined by PMC as the 
music intervals through those string’s lengths10 in that melody. The tempered scale of 
72-subdivisions was used to describe in an orderly and effective manner, the micro-
intervallic structure of the BC system as already shown in some recent studies.11  
In BC the concept of “echos” (ἦχος) is used instead of the term “mode” (“tropos” in 
Greek) to describe the progress of a BC melody going through the pitch values in a 
special way and characterized by, among other things, its musical scale, its dominant 
pitch values and its ending notes.12 (Panagiotopoulos 1991, 123-33). One of the 
dominant pitches corresponds to the tonic note, which is the tonal “center” of all the 
note values of the melody composed in that echos. These dominant pitch values may 
be different when they appear at different places in the score of the melody during 
the performance. Therefore, there exists variability in the pitch of any dominant note, 
thus making the pitch intervals inside a BC melody unclear and showing the music 
echos the melody belongs to in a less straightforward way. This fact calls for a 
reconsideration of the notion of the BC echos in that the steps of its music scale may 
not be as steady as we know today. Instead, depending on the type of the pitch 
variability some kind of averaging the positions of the scale steps or some de-
trending process has to be applied. Regarding the last type of pitch variability, a 
special phenomenon exists during the performance of a BC slow melody; that of the 
 
9 C. Akkoç, “Non-deterministic scales used in traditional Turkish music,” Journal of New Music Research 
31, no 4 (2002); D. Delviniotis, and G. Kouroupetroglou, “Microtonal Analysis in Byzantine Chant,” in 
Proceedings of the 3rd International Musicological - Psaltic Conference, Athens, 17 - 21 October 2006, edited 
by D. Balageorgos and Gr. Anastasiou (Athens: Institute for Byzantine Musicology, 2010), 193-206; Β. 
Bozkurt, “An Automatic Pitch Analysis Method for Turkish Maqam Music,” Journal of New Music 
Research 37, no 1 (2008), 1-13; S.D. Delviniotis, “Acoustic characteristics of modern Greek Orthodox 
Church music,” Journal of Voice, 27, no 5 (2013), 656.e1-656.e12.  
10 According to Mersenne’s law, where the lengths of the string are inversely proportional to the 
frequencies of sounds produced. 
11 Delviniotis, “Acoustic characteristics,” 656.e1-12; Delviniotis & Kouroupetroglou, “Microtonal 
Analysis,” 193-206; D. Delviniotis, G. Kouroupetroglou, and S. Theodoridis, “Acoustic analysis of 
musical intervals in modern Byzantine Chant scales,” Journal of the Acoustical Society of America 124 
(2008), EL262-EL269. 
12 D. Panagiotopoulos, Theory and Praxis of Ecclesiastical Byzantine Music (Athens: Soter Editions, 1991), 
123-133. 
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“tonic’s drift” which means that the pitch of the tonic note changes with the melody’s 
progression over the time. Usually, this tonic shift increases the pitch with the 
progress of time thus meaning that all the pitches of the dominant notes have to be 
corrected for establishing a stable tonic pitch for all the notes inside the melody. The 
pitch of the tonic note is a reference value for measuring the music intervals in a BC 
melody, but this is unknown because of the absence of an accompaniment (drone) of 
which the fundamental frequency could be used as a reference value. 
For that pitch signal in which there are no explicit trends in its pitch values, we 
suppose that the pitch variability of each note could be described through a normal 
distribution with an average pitch value and a standard deviation of pitches around 
the mean (the peak of Gaussian). This idea is based on the following hypothesis: The 
notes of a melodic phrase are specified by those notes/pitches that are heard more 
frequently than others when chanting that melodic phrase (this will be explained 
below). The most frequent pitch value of a note could be assigned to the peak of the 
normal distribution of the pitch values which corresponds to the most frequent value 
of that note’s pitches. Strict requirement is that the pitch values of each note inside 
the melody are more or less stable (to be perceived as a steady tone) or that each note 
contains at least one part with steady pitch. Additionally, an innovation also being 
applied in this particular approach is the idea of measuring a possible moving of the 
tonic note out of its position on the music scale during the melody, namely an 
existing trend of monotonic change of the tonic’s pitch. This pitch shifting of the tonic 
note also draws the other notes away from their initial positions in the music scale. 
Hence it should be subtracted from the f0 values, so that all the pitch values will be 
referred to the same tonic’s pitch. If so, the notes of the specific melodic phrase will 
appear around constant positions in the histogram. Thus, by computing the 
histogram of f0 values of the specific melodic phrase, after removing the tonic’s drift, 
all of the peaks of the histogram refer to same tonic pitch value for that phrase. 
When measuring a specific music interval between two notes, provided that each 
note shows some pitch variability which can be described by an average and a 
standard deviation, that music interval can be computed by the two average pitches 
for each of the two notes. The frequency difference between the two pitches, being 
measured in a logarithmic scale, calculates that music interval. In a previous work,13 
the BC music intervals were measured from data of recordings of BC scales’ singing 
via this analysis method and were found to be in line with the PMC’s results. 
However, it has been argued by some experts that during the performing of BC 
music scales the produced music intervals are somewhat ‘fake’ or ‘manufactured’ and 
different than those produced during the performance of a BC melody.14 Thus, it had 
to be examined whether the BC music intervals resulted from music scales were in 
 
13 Delviniotis, Kouroupetroglou, and Theodoridis, “Acoustic analysis,” EL262-9. 
14 https://analogion.com/forum.  
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accordance with those of PMC also during the performance of a BC melody. In this 
work we attempt to confirm that similar music intervals from the music scales 
pitches also could be extracted in the case of the BC melodies notes pitches when the 
same method of analysis is used. 
This work is a part of a research conducted in the Department of Information and 
Telecommunications of the University of Athens, where we have been studying the 
Byzantine Music, and, especially, the Byzantine Chant (the Orthodox ecclesiastical 
music) for about twenty years, and from its two basic aspects: the voice and the 
music. We’ve been conducting research on both Byzantine voice and Byzantine 
Chant characteristics. 
 
2. Music intervals’ specification 
 
2.1. Music interval’s definition 
 
A music interval between two music notes in BC, is defined as the ratio of the 




    (1) 
The measurement of a music interval can be based on the formula (1) (the just 
intonation measurement system) where the interval ratios consist of small integers, 
such as the ratio of 2/1 for the octave interval, the 3/2 for the perfect fifth, the 4/3 for 
the perfect fourth etc. A tuning system is the system used to define which tones or 
pitches to use when playing music; which numbers and spacing of frequency values 
are to be used. There are various tuning systems: Just intonation, Pythagorean 
tuning, equal temperament and others. In the just intonation system, the frequencies 
of the scale notes are related to one another by simple numeric ratios (e.g. 9/8, 5/4, 
4/3, 3/2, 5/3). An equal temperament system is constructed when dividing the interval 
of an octave into logarithmically equally separated elementary intervals in such a 








  (2) 
In BC, the number of elementary intervals has been specified by the PMC to be equal 
to 72. For this tuning system any music interval in BC can be measured according to 
the formula (2),15 where “log” stands for the decimal logarithm. In this way, if the 
octave interval is subdivided into 12 tones, we end up with the 12 equal 
temperament tuning system which is the most common tuning system used in 
 
15  Delviniotis & Kouroupetroglou, “Microtonal Analysis,” 193-206. 
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Western music. The elementary tone (a major second) consist of 100 logarithmically 
equal micro-intervals called cents. The two tuning systems are not completely 
parallel with respect to their intervals, namely, any music interval other than octave 
or unison appears to have a slightly different value between the two systems. In 
other words, an interval in the just intonation tuning system is not exactly the same 
as in the equal temperament tuning system. For example, the interval of the major 
second in the just intonation is exactly 9/8, while in the 12-equal temperament is 
2.0391, namely slightly more than two elementary intervals (semitones). The above 
major second when measured in this tuning system is equal to 12.235 which is 
different from the value of 12 being used in BC and measured in the 72-tone tuning 
system. These 72 elementary intervals are called echo-moria or simply moria. As far 
as the other intervals of perfect fifth and fourth are concerned, they are measured in 
the 72-equal temperament tuning system to be of 42.117 and 29.883 moria, 
respectively. We can observe that if these values were rounded to the nearest integer, 
the difference from the “true” value of any interval will be less than 0.5 moria, and 
considering that an interval of 20 cents (1.2 moria) is hardly heard by a listener,16 we 
can infer that this rounding process will not affect the precision of measurements. 
PMC presented their results with the integer numbers of 12, 30, 42, and 72 moria, for 
the major second, the perfect fourth, the perfect fifth, and the octave, respectively. For 
the other micro-intervals it reported the numbers, 25/24=4.24 (minor semitone≈4), 
(800/729):(25/24)=5.41 (lemma≈6), 27/25=7.99 (minimal tone≈8), 800/729=9.65 (minor 
tone≈10), 9/8=12.23 (major tone≈12), (800/729)*(25/24)=13.89 (hyper major soft 
chromatic≈14) and (9/8)*(27/25)=20.23 (hyper major hard chromatic≈20) in a 
simplified form: 4, 6, 8, 10, 12, 14, 20. They did not report the numbers 16 (minor 
third enharmonic) and 18 (three-semitones or 18.5 as the minor third hard 
chromatic).17 As we can see, each micro-interval differs to its neighbors by 2 moria. 
Below, the tuning system of PMC will be used for the measurements of all the music 
intervals in BC. 
 
 
16 J. Sunberg, The science of the singing voice (Illinois: Northern Illinois University Press, 1987), 178. 
17 S. Karas, Method of the Greek Music – Theoretikon, vol. II (Athens: Society for the Dissemination of 
National Music, 1982), 4-5. 
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2.2. Music interval and scale description and arithmetic operations 
 
Given that a BC echos is defined, among others, through a succession of some well-
defined music intervals comprising a particular music scale, some detailed 
description of that music scale is necessary. Since, for an echos, its tonic note is also 
an essential characteristic for the discrimination between different BC echoi that 
share the same music scale, the tonic note must be located exactly at that music scale. 
For the interval measurements, all the music notes on the scale are measured in 
relation to the tonic note which is considered to have the zero value on the scale. 
Therefore, the notes with higher frequencies than the tonic are measured as positive 
numbers, while the notes with lower frequencies than the tonic are measured as 
negative numbers. In such a way, the music scale belonging to the authentic fourth 
echos is described as the numbers’ succession: -42, -30, -20, -12, 0, 12, 22, 30, 42 (see 
fig. 1), while the plagal fourth echos with the same scale as its authentic echos is 
described with the numbers’ succession: 0, 12, 22, 30, 42, 54, 64, 72, 84, from Ni up to 
Pa’18 for both scales. The succession of the intervals is, for both scales, the same; 12, 
10, 8, 12, 12, 10, 8, and 12. However, the tonic with zero value is located at different 
positions.  
Figure 1 
BC music scale for the fourth echos where the tonic takes the zero value and the values of the other 







18 Οn the BC notes the names are assigned as: Ni, Pa, Vou, Ga, Di, Ke, Zo’, Ni’ which correspond to the 
Western symbols Do, Re, MI, Fa, Sol, La, Si, Do. 
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By measuring the frequency of the tonic note of a melody, all the frequencies of the 
other scale tones can be exactly specified. Two important operations can be applied 
on this implementation of the music scale: 1) By subtracting a number from each step 
of the scale, the tonic note moves to the right, namely to the direction of the higher 
pitches and, inversely, 2) when adding a number to all the steps of the scale, the tonic 
note moves to the direction of the lower pitches. For example, if subtracting the 
major second of 12 moria from the scale of the BC fourth mode: -42, -30, -20, -12, 0, 12, 
22, 30, 42, the succession of intervals: -54, -42, -32, -24, -12, 0, 10, 18, 30 is produced 
which is the scale with a tonic one major second higher (From Di to Ke). So, in this 
way we can change the echos to another one with the same intervals with respect to 
its tonic note, by adding or subtracting a proper number to its scale. 
 
2.3. The pitch of a BC stable note as a normal distribution 
 
An important question that can be asked is about the value of a music interval as 
perceived by the listeners. We can realize that the pitch of the sound regarding a 
steady note, though it is perceived as stable, it is not. Looking at the histogram of that 
note’s pitch track, the pitch varies at least 2 moria higher or lower than the mean 
value. Since the most frequent value is heard more often than others, this dominates 
the perception of the height of the tone we are listening to. Also, the most frequent 
pitch in the histogram is located close to its peak. If approximating the histogram 
with a normal distribution of the pitch values (figure 2), their average value 
corresponds to the peak pitch of that distribution.  
 
Figure 2 
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Therefore, we could consider the peak pitch of the normal distribution of the pitch 
values as belonging to a single steady note with that pitch perceived by a listener. An 
exception exists for the notes with vibrato, but if the vibrato is removed the resulted 
values also follow a normal distribution. 
 
2.4. The normal distribution of the BC notes 
 
By defining the pitch of a single stable note as the mean of a Gaussian distribution, 
we are able to specify the music interval that is defined between two notes also by 
means of the two Gaussian distributions. Provided that each one of the two notes has 
as its perceived pitch, the peak pitch of its Gaussian distribution, the music interval 
between the two notes can be defined between the two peaks of the two Gaussian 
distributions. Since all the pitch values of a BC melody are converted to logarithmic 
ones (Formula 2), each music interval between two notes is measured by a simple 
abstraction of the one peak pitch from the other one. A particular pitch value is used 
as the reference value, for the formula 2, which is the mean frequency of the tonic 
note. In this way, the average logarithmic pitch value of the tonic note is zero. For 
example, the music interval between the two first notes in the figure 3 is estimated as 
the difference between the pitches of the peaks of the two first normal distributions:  
-11.2-(-18.2) = 7moria. This is the idea of a statistically defined music interval of 
which the variability is specified by both the variabilities of its two notes. Since the 
tonic note is considered to have a zero value, all the pitch values represent music 
intervals between these values and the tonic note. Given that all the scale notes 
including the tonic note during the melody vary, the music intervals between the 
tonic note and the other scale notes are also varied. 
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Figure 3 
Pitch track values for a music phrase with their normal distributions.  
The two intervals are calculated from their peaks. 
 
2.5. Variation in the pitch values during a melody 
 
In general, the variation of the frequency values during a melody, if ignoring the 
variation during the transitions between neighboring notes, is due to both intra-note 
variations (inside a note) and inter-notes (between notes) ones. The intra-note 
variations have to do with: a) a random variation around its mean value, b) a 
variation in sliding notes, c) a variation in vibrato notes, and d) a variation because of 
micro-melodic variations (music ornamentation). The inter-notes variations are 
related with the various pitches of chanting a certain note in different parts of a 
melody. It was found that there are at least two attraction effects because of which the 
note pitches change during the performance.19 The tonic note despite the fact that it is 
a dominant one in BC, is not always stable and, very often, its pitch has a trend to 
either increase or to decrease during the BC melody. This effect is defined as the 
tonic’s drift and must be taken into account in the analysis. In this study, for the intra-
note variation, only the random variation was taken into account, while the other 
variations were properly excluded from the pitch signal prior to analysis. 
For the intra-note variation, we have already described it through a normal 
distribution of the pitch values inside a single steady note. Regarding the inter-notes 
variation, there are both temporary and permanent pitch alterations, in which the 
 
19 Delviniotis, Kouroupetroglou, and Theodoridis, “Acoustic analysis,” EL262-9. 
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temporary ones have a psychoacoustic explanation for their existence: Every time the 
chanter performs a note, its pitch is not the same. When a performer chants a note 
having its own pitch in his (her) memory (target pitch), he (she) achieves to chant not 
only with the aimed pitch but also with other pitches a bit higher or lower of the 
target pitch. In this way, there is a number of notes with a pitch close to the target 
pitch with their pitches following a Gaussian (normal) distribution. Such as for a 
single note, the pitch perceived from various “editions” of a particular note during a 
BC melody is the average pitch of all these values and the most frequent pitch 
corresponds to the peak of a normal distribution. Special care must be taken for 
altered notes because of the attraction phenomenon, where one note is attracted by 
another one which is a dominant note. In that case the chanter may have in mind not 
only a single target pitch but more. 
In this study, we analyzed pitch tracks, namely pitch values in time succession, from 
a very slow BC melody in which most of the notes have a long duration (longer than 
0.3 sec each). All the pitch values of the steady part of a particular note (on the music 
scale) and its repetitions inside the BC melody are used for calculating the histogram 
of the values. In this, both the intra-note and the inter-note variations characterize the 
values and we can distinguish between them, because two local peaks exist instead of 
a single one, for a particular note. For a single peak, the first variation overlaps with 
the second (figure 4). When a double peak exists, we are speaking about the existence 
of two notes close to each other, for which we cannot infer that they belong to a 
single note as being repetitions of that note, unless we calculate the histogram of all 
the average pitches for all notes. In this histogram, by applying a sophisticated 
algorithm from the signal processing techniques, the Expectation Maximization (EM) 
algorithm, on the pitch values it is feasible to cluster the values into groups, where 
each group represents a step of the music scale. Through the EM the data are fitted 
by a maximum likelihood algorithm and a mixture of Gaussians is computed, of 
which those matching well to the histogram peaks are selected. Also, if a tonic’s shift 
exists in the pitch values, it is removed from these values because this phenomenon 
alters the notes’ pitches distribution and makes the estimation of intervals difficult.  
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Figure 4 
A music phrase of a BC melody with the steady parts (thick dots) of the notes and their normal 
distributions. There are two types of the pitch note variation: the intra-note and inter-notes one and 














The tacit hypothesis for all the above analysis is that a certain music scale exists, and 
we try to specify its note steps, for which an average note pitch corresponds to each 
one of the steps. In other words, for all the notes of the music scale, a mixture of 
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3. A detailed method of measurement 
 
3.1. Τhe Tonic note’s variation during the melody 
 
The variation of the tonic note’s pitch in addition to its random variation may contain 
a tendency for increasing or decreasing its pitch. In other words, during the BC 
melody when performed “a capella” without accompaniment, the frequency of the 
tonic note changes monotonically in time. This tonic’s moving (upwards in the 
graph) through time could be modeled as the quadratic function representing a 
parabola, of which only the left half part up to its extreme models the tonic’s moving. 
As we can see in figure 5, due to the form of this quadratic function, the pitch of the 
tonic increases until reaching to the peak of parabola. This was the case for most 
chanters. In order to apply the normal distributions for the music intervals’ 
estimation, this tendency was removed from the pitch data by subtracting a pitch 
value which is calculated via the formula (3). 
Δf = at2 + bt + c (3) 
 
Figure 5 
Tonic's pitch drift with the time progress of melody, for different parameters of fitting. There is a trend 
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3.2. The algorithm of intervals’ measurements in this work, in a simplified way 
 
The basic steps of the algorithm implemented for this analysis are the following: 
1 Get the pitch data through a well-known pitch tracker (e.g PRAAT). 
2 Divide the pitch track into musical phrases, each of which is separated from 
its neighboring ones with the silence parts inside the melody. 
3 As a preprocessing stage, the pitch track is divided into three time periods and 
the histogram of each period pitch values is estimated, from which some BC 
music scale steps are produced, via matching them with theoretical scales. 
4 Also, detailed analysis is conducted, for one or more music phrases of the 
melody, and the notes for each phrase are detected, as those pieces of the pitch 
track with nearly stable frequency (figure 4). 
5 From the histogram of the notes’ pitches from all the phrases and each one of 
the three periods, the scale of the melody is estimated. 
6 The tonic note for each phrase is estimated and recorded in a proper data 
structure. Then the tonic’s drift is estimated, via fitting the data with the 
parabola (3) and subtracted from the pitch values. Also, for the phrases 
lacking a tonic note, the tonic’s pitch is calculated through the parabola. 
7 A final histogram is calculated, one for each time period, from the pitch values 
after removing the tonic’s drift; this is the Modified Histogram after Removal 
of the Tonic’s Drift (MHRTD). 
 
Figure 6 describes the histograms being produced when applying the above 
algorithm. At the center, the histograms are calculated from all the pitch values 
inside the cherubic hymn recording, for each time period. As we can see, the 
histogram for the first time period is not clear as to the peaks of the normal 
distributions; instead of the three peaks between 0 and 35, we have only one broad 
peak. When applying a detailed analysis, phrase by phrase, and calculating the 
histogram on the left only on the basis of the steady notes pitches, as in figure 4, the 
former broad peak is resolved into three peaks. Also, the image is made clearer when 
removing the tonic’s drift from each one of the notes pitches and recalculating the 





Delviniotis, New Method of Byzantine Music... 
 224 
Figure 6 
Histograms for a BC Cherubic hymn, for three time succession parts, in columns: Left) from only 
steady notes prior to tonic's drift removal, Center) from all the pitch values, Right) from only steady 
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4. Results from the intervals’ measures 
 
4.1. Observations on the histograms’ data 
 
Table I 
Average note pitch values for each BC scale step regarding the fourth authentic mode – “aghia”, for 
each chanter, along with its mean value, its PMC respective one in both just intonation and equal 
temperament tuning systems. In a yellow frame, the simplified PMC scale of the fourth mode values 
are given. 
 
 Ζo Ni Pa Vou Ga Di Ke Zo' Ni' Pa' Vou' 
Chanter1 -50.1 -42.1 -29.7 -20.9 -11.5 -0.5 12.1 19.1 29.3 41.1 52 
Chanter2 -50 -42.6 -29.2 -20.4 -12.8 -0.8 14.2 21.2 29.6 42.2 52 
Chanter3 -50.7 -41.1 -28.5 -19.9 -11.9 0.1 13.3 20.3 29.9 42.7 51.7 
Chanter4 -50 -41.8 -30.6 -20.4 -12.6 0.0 12.6 19.6 28.6 41.6 53.0 
Chanter5 -49.8 -42.6 -30.2 -19.0 -13.0 -0.2 12.0 19.8 28.6 42.0 54.0 
Chanter6 -49.4 -41.6 -28.6 -19.2 -10.8 -0.4 13.2 21.2 28.8 41.8 54.4 
Chanter7 -52.2 -41.4 -29.6 -19.0 -12.8 -0.2 12.4 24.0 30.0 42.2 48.0 
Chanter8 -52.1 -44.7 -30.3 -20.5 -12.9 0.1 13.3 21.9 29.1 42.9 53.9 
Chanter9 -52.6 -43.8 -30.6 -20.0 -13.0 -0.4 12.6 21.2 29.0 43.0 52 
Chanter10 -53.1 -44.1 -30.3 -21.5 -12.9 -0.5 13.1 22.1 30.3 42.3 53.1 
Mean 
value 









50/81=     
-50.11 
2/3=     
-
42.12 
3/4=     
-
29.88 
25/27=   
-21.88 





















-50.7 -42.3 -29.5 -19.8 -12.1 0 13.1 21.3 29.6 42.5 52.7 
 
The pitch analysis described above was applied only to a cherubic hymn recording 
for each one of the 10 chanters who performed in a studio at the University of 
Athens, and the audio material was stored for scientific research (DAMASKINOS 
corpus). The BC echos of the hymn was the fourth authentic echos (aghia). The 
reason for selecting this BC echos was the phenomenon of attraction (attraction 
effect) between the dominant and a secondary note which is very often found in this 
mode and makes many notes indiscoverable in the histogram. Also, though this 
echos belongs to the diatonic genre, there are some changes in the notes’ locations on 
the music diatonic scale, such as, for example, in the case of the second (Ke) after the 
tonic (Di). 
The main results from this work are summarized in: 1) the tonic’s drift, 2) the 
deviations of the measured music scale from the theoretical one for the fourth echos, 
3) the existence of the scale of the kliton’s chroa, and 4) the precision of 
measurements. 
The tonic’s drift effect does not appear in all of the recordings, but in some of them. 
For most of them there is a trend to increasing the pitch with the time progress, no 
more than 12 moria for the total duration of the recording. 
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Table II 
Average values for each chanter across all the notes’ steps from the table I,  

















The average note pitch for each step of the BC music scale for the fourth echos is 
reported in the above table I for each one of the 10 chanters and the mean value for 
each music interval across chanters. Also, the PMC’s music intervals simplified 
values along with the respective ones for the just intonation system, for comparison, 
are reported in the table I. The summarized results with the mean value for all music 
intervals and each chanter are reported in the table II.  
The following are observed:  
1. the measured BC scale for each chanter (all of the scale intervals) differ from PMC 
theoretical scale by less than 0.6 moria (as absolute difference) on average, for each 
chanter (Table II),  
2. The most difference values vary within the range of -2, +2 moria (Table I),  
3. The most prominent change is that for the music intervals of the second above the 
tonic that appear as being augmented, namely for the Ke (13.1-12 = +1.1 moria),  
 SD MIN MAX MEAN 
Chanter1 1,0 -2,9 0,5 -0,5 
Chanter2 1,0 -0,8 2,2 -0,1 
Chanter3 0,9 -1,7 1,5 0,2 
Chanter4 1,0 -2,4 1,0 -0,4 
Chanter5 1,1 -2,2 2,0 -0,2 
Chanter6 1,1 -1,2 2,4 0,4 
Chanter7 1,6 -2,2 2,0 -0,2 
Chanter8 1,4 -2,7 1,9 -0,3 
Chanter9 1,1 -2,6 1,0 -0,6 
Chanter10 1,3 -3,1 1,1 -0,5 
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4. Across the chanters, the mean differences for the music intervals succession from 
Zo up to Vou’ are: -0.7, -0.3, +0.5, +0.2, -0.1, 0, +1.1, -0.7, -0.4, +0.5, +0.7 moria, where 
the Di note is used as a reference value (corrected mean row).  
Concerning the special music scale of the kliton’s chroa, this scale is not included in 
the tables I & II, but by examining the histograms in detail, we can report that, for 
some chanters, the special notes’ values of -6 and/or -17 moria were detected. Indeed, 
these are music intervals belonging to the chroa of kliton: -4,-16,-30 (-4,-18,-30) 
moria.20 However, in this case, there is a difference of 2 moria between the -6 moria 
micro-interval mentioned above and the one from PMC which counts only -4 moria.  
 
4.2. Discussion on the results 
 
As we stated above, all the music intervals’ values mentioned in the previous tables 
come from the recordings of a single cherubic hymn by each chanter. Therefore, the 
measured music intervals have to do exclusively with this single recording on the 
fourth mode – “aghia”. Since the melodic composition of a hymn influences the 
music intervals at least because of the attraction effect between the notes, we expect 
the music intervals to be altered and somewhat be “out of their positions” on the BC 
scale of the fourth mode. These deviations do not exceed the value of 2 moria, which 
is the difference of a particular music interval with the next or the previous in the 
order of the BC micro-intervals (4, 6, 8, 10, 12, and 14). For example, for the Ke-Zo' 
interval that equals 10 moria (minor tone), if its average value for some chanter is 
larger than 10 but smaller than 12, this value cannot be confused with that value of 
the next interval (12 moria) when its average deviates at most as much as 0.6 moria. 
Also, if its average value is smaller than 10 this value cannot be smaller than 8 which 
is the previous music interval in order. Provided that all of the average values are 
smaller than 0.6 moria in absolute values we conclude that these findings have the 
meaning that each music interval used in the cherubic hymn of “aghia” is well-
defined as such. In other words, the PMC’s interval values results are within the 
range of pitch average values across all chanters for each music interval for the fourth 
echos. Exactly the same result was found in the case of the recordings of BC music 
scales performed by the same chanters: the PMC’s interval values were within the 
range of pitch average values across all of the chanters for each interval.21 Regarding 
the average values, it is reasonable to consider that the average value of a music 
interval dominates the other values during perception. This result supports, on the 
one side, the idea of PMC to consider the difference of 2 moria between two 
neighboring music micro-intervals as being substantial and, on the other, the fact that 
 
20 Panagiotopoulos, Theory and Praxis, p. 109. 
21 Delviniotis, Kouroupetroglou, and Theodoridis, “Acoustic analysis,” EL262-9. 
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these simplified micro-intervals are in agreement with the experimental results. Also, 
by observing that for the “aghia” mode, the Ke note appears to be augmented by 
approx. 1 morio, one can see that another result from the PMC’s proceedings is 
confirmed.  
It is reasonable to guess that when the same chanter chants this cherubic hymn more 
than once he/she also uses the same intervals on average, especially in case that 
he/she is a well-trained and famous chanter. Additionally, among different chanters 
the average music intervals could not be more different among them than for the 
same chanter (the biggest difference is 0.7 moria, for all notes except for Ke). This 
hypothesis is confirmed by the data in both Tables I and II, where in the second we 
can see the average difference from all of the PMC’s intervals, for each chanter, as 
well as the standard deviation (SD) of that difference along with the minimum and 
maximum difference. In other words, there are – at most – 0.6 moria differences in 
the mean interval for each chanter and the SDs do not exceed the value of 1.6 moria 
while the average SD is about 1.1 moria. So, the 68.2% (±1 SD) of all the intervals’ 
differences from PMC, for each chanter do not exceed the 1.1 moria and the 95.6% (±2 
SD) of those differences are smaller than 2.2 moria. The rare deviation values over 2 
moria could be explained if we take into account all the attraction effects due to: 1) 
the upwards or downwards melody’s direction, 2) the interaction between the music 
genera and 3) the attraction of the notes other than the dominants.22 Detailed analysis 
on the extracted pitch values is needed for studying which attraction effect plays the 
most important role in the altering of the notes pitches in each case; this however is 
beyond the scope of this article. 
Regarding the kliton’s chroa, we must discuss the attraction effects, whether they are 
permanent or temporary. In the case of a temporary attraction effect, the notes altered 
in pitch return to their original positions or move to the opposite direction, but in the 
end they come back to the original positions. These pitch values are incorporated to 
the values of the normal distribution, and they don’t affect the average value of the 
measured interval. However, for the permanently altered notes such as a permanent 
attraction effect of one note from a dominant during the upwards direction of the 
melody which becomes clearly perceived by the listener, we have to search for an 
additional peak near that note’s location along with its “normal” position on the 
scale. So, there are two separate peaks of which one stands for the “normal” note and 
the other for the “attracted” note. These two peaks cannot be considered as a single 
peak, because we have not the perception of one note but of two separate notes: the 
normal note and its attracted “edition”. Of course, in the case of the kliton’s chroa, a 
permanent alteration of the notes pitches of Vou and Ga at 8 and 4 (6) moria exists, 
respectively. In other words, there are two positions for the Vou note at -20 and -16 
(or -18) moria, and two positions for the Ga at -12 and -4 moria, which cannot be 
 
22 Ibid. 
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emerged to each other at the note’s location on the histogram. It could be suggested 
that the measured value of -6 moria for the Ga note comes from a genre attraction 
effect between the hard diatonic and soft diatonic genera with the tonic on the note 
Di. 
The precision of measurements can be checked through calculating the basic music 
intervals of fourth, fifth and octave, since these intervals in BC are characterized by 
stability during the melody for a specialist performer. For the “aghia” mode, there 
are two intervals of perfect fourth, the Pa-Di and Di-Ni’ and two intervals of perfect 
fifth, the Ni-Di and Di-Pa’ while the others may be influenced by attraction effects. 
Also, the octave’s intervals, the Ni-Ni’ and Pa-Pa’ have to be more stable in the 
“aghia” mode than the Zo-Zo’ and Vou-Vou’ octaves, due to the prominence of those 
notes. The average pitch values for all (10) chanters was found to be: 1) for the Pa-Di 
and Di-Ni’, 29.5 and 29.6 moria, respectively, 2) for the Ni-Di and Di-Pa’, 42.3 and 
42.5 moria, respectively, and 3) for the Ni-Ni’ and Pa-Pa’, 71.9 and 71.9 moria, 
respectively. These values diverge from the theoretical ones by: 1) -0.4 up to -0.5 
moria for the perfect fourth, 2) 0.3 up to 0.5 moria, for the perfect fifth, and 3) -0.1 
moria for the octave, on average. It is possible, the divergence of fifth and fourth 
interval at most by 0.5 moria to be caused not by the method of measurements but by 
specialties of the performers. The fact that the average value of the octave is very 
close to the perfect octave pitch shows a precision of measurements around the value 
of 0.1 moria which can reach at most the value of 0.2 moria. The altered octave values 
by 0.1 – 0.2 moria on average, could be an estimate of precision of measurements 
although it is possible that these deviations vary depending on the normality of the 




In this work a new method of measuring the music intervals in Byzantine Chant is 
proposed, with an application on the recordings of a cherubic hymn, by ten chanters. 
The cherubic hymn is characterized by slow tempo, with notes having long 
durations, and it belongs to the fourth authentic mode of BC. The innovation of the 
method consists in the fact that it is based on statistical processing of the properly 
selected pitch track data and on the hypothesis that these data follow a normal 
distribution. The music intervals of seconds were estimated via this method and their 
deviations from the theoretical ones coming from the proceedings of the Patriarchal 
Music Committee (1881-83) were found by at most 0.7 moria on average. It was 
confirmed that the note Ke is a bit augmented according to the PMC’s proceedings. 
Also, for most of the chanters there was a trend of changing the tonic’s pitch during 
the performance by no more than a major second, a phenomenon that has to be taken 
into account when applying this new method on the pitch data for analysis. Finally, 
the hypothesis about the normality of the data was confirmed by the small alteration 
Delviniotis, New Method of Byzantine Music... 
 231 





Akkoç, C. “Non-deterministic scales used in traditional Turkish music.” Journal of 
New Music Research 31, no 4 (2002): 285-293. 
Bozkurt, B. “An Automatic Pitch Analysis Method for Turkish Maqam Music.” 
Journal of New Music Research 37, no 1 (2008): 1-13. 
Delviniotis, D., and G. Kouroupetroglou. “Microtonal Analysis in Byzantine Chant.” 
In Proceedings of the 3rd International Musicological - Psaltic Conference, Athens, 17 
- 21 October 2006, edited by D. Balageorgos and Gr. Anastasiou, 193-206. 
Athens: Institute for Byzantine Musicology, 2010. 
Delviniotis, D., and G. Kouroupetroglou. “DAMASKINOS: The Prototype Corpus of 
Greek Orthodox Ecclesiastical Chant Voices.” In Aristotle University of 
Thessaloniki and IMS Regional Association for the Study of the Music of the 
Balkans, Proceedings of the International Conference Crossroads | Greece as an 
Intercultural Pole of Musical Thought and Creativity, edited by E. Nika-Sampson, 
G. Sakallieros, M. Alexandru, G. Kitsios, and E. Giannopoulos, 289-302. 
Thessaloniki, 2013, electronically published http:crossroads.mus.auth.gr  
Delviniotis, D., G. Kouroupetroglou, and S. Theodoridis. “Acoustic analysis of 
musical intervals in modern Byzantine Chant scales.” Journal of the Acoustical 
Society of America 124 (2008): EL262-EL269. 
Delviniotis, D., G. Kouroupetroglou, and S. Theodoridis. “Vibrato analysis in 
Byzantine Music.” Stockholm Music Acoustics Conference. Stockholm, 2013, 
http://www.speech.kth.se/smac-smc-2013/proceedings/SMAC2013 
_Proceedings_online-version.pdf, 242-249. 
Delviniotis, S.D. “Acoustic characteristics of modern Greek Orthodox Church music.” 
Journal of Voice, 27, no 5 (2013): 656.e1-656.e12. 
Friberg, A. A Quantitative Rule System for Musical Expression, Music Acoustics. 
Stockholm: KTH Royal Institute of Technology, 1995. 
Karas, S. Method of the Greek Music – Theoretikon. Vol. II. Athens: Society for the 
Dissemination of National Music, 1982 (in Greek). 
Panagiotopoulos, D. Theory and Praxis of Ecclesiastical Byzantine Music. Athens: Soter 
Editions, 1991 (in Greek). 
Patriarchal Music Committee (1881-83). Elementary Teaching of Ecclesiastical Music. 
Constantinople, 1888, repr. Athens: Koultoura, 1978 (in Greek). 
PRAAT: Doing Phonetics by Computer. Available at: 
https://www.fon.hum.uva.nl/praat/. Version: 5.4.04. Accessed January 17, 2015. 
Prame, E. “Vibrato extent and intonation in professional Western lyric singing.” 
Journal of the Acoustical Society of America 102 (1997): 616-621. 
Delviniotis, New Method of Byzantine Music... 
 232 
Sunberg, J. The science of the singing voice. Illinois: Northern Illinois University Press, 
1987. 
______. “Some observations on operatic singers’ intonation.” Interdisciplinary Studies 
in Musicology 10 (2011): 47-60. 
Sundberg, J., F.M.B. La, and E. Himonides. “Intonation and Expressivity: A single 
Case Study of Classical Western Singing.” Journal of Voice 27, no 3 (2013): 
391.e1-391.e8. 
Tzanetakis, G., A. Kapur, W.A. Schloss, and M. Wright. “Computational 
ethnomusicology.” Journal of Interdisciplinary Music Studies, 1, no 2 (2007): 1-24. 
Vurma, A., M. Raju, and A. Kuuda, A. “Does timbre affect pitch? Estimations by 
musicians and non-musicians.” Psychology of Music 39 (2010): 291-306. 
Watts, C., K. Barnes-Burroughs, M. Andrianopoulos, and M. Carr. “Potential factors 
related to untrained singing talent: a survey of singing pedagogues.” Journal of 
Voice 17 (2003): 298-307. 
 
https://analogion.com/forum/index.php?threads/Διφωνική-προσέγγιση-και-
μελωδικές-έλξεις.15958/page-10 accessed on June 24, 2019. 
 
 
Biography: Dimitrios Spyridon Delviniotis was born at Etolikon in Etoloakarnania, 
Greece in 1956. He graduated from the Department of Physics at the University of 
Patras, and took his M.S. in Electronic Automation in 1992 and his PhD degree in 
2002, in Communications and Signal Processing (both titles from the University of 
Athens). He also received the Diploma of teaching and performing Byzantine Music 
in 1992. Since 1979 he has taught physics at High School and since 1992 Byzantine 
Music at conservatory. Also, from 1994 to 2000 he taught Programming Languages at 
the Institute of Vocational Training and from 1983 to the present he is a performer of 
Byzantine Music. From 1996 to 2003 he was a Research Associate and from 
September 2003 to June 2006 he was a Visiting Professor at the Department of 
Informatics and Telecommunications, University of Athens. His research interests are 
digital signal processing, speech and music analysis with emphasis on the acoustic 
and musicological characteristics of singing. Furthermore, he studies musicological 
issues concerning the musical expression of Byzantine Music, regarding its 
performance. 
